Purpose This study assessed whether the Patient-Reported Outcomes Measurement Information System (PRO-MIS) computer-adaptive tests (CATs) provided results similar to those of the Brief Symptom Inventory (BSI) with a low patient burden. Methods Secondary data analysis of 136 prostate cancer patients who completed the 53-item BSI and the PROMIS CATs assessing depression, anxiety, and hostility. Results The PROMIS CATs and BSI correlated significantly in measures of depression (.85), anxiety (.76), and anger/hostility (.66; p \ .001 for all). Using our BSI cutoff points for depression, anxiety, and anger/hostility, ROC analysis yielded areas under the curve of .966 [standard error (SE) = .014, p \ .001], .975 (SE = .012, p \ .001), and .952 (SE = .027, p \ .001), respectively.
Introduction
In the USA, approximately 241,740 men were diagnosed with prostate cancer in 2012 and 28,170 died from the disease [1] . Prostate cancer patients often experience declining physical functioning and other problems that affect quality of life (QOL) and increase psychological distress [2] . Prostate cancer survivors' psychological functioning is markedly understudied [3] ; available studies, however, indicate that for some, postcancer treatment psychological adjustment declines over time [4] .
In 2004, the National Institutes of Health (NIH) began the ''Roadmap Initiative'' for medical research and part of this program was the Patient-Reported Outcomes (PROs) Measurement Information System (PROMIS) [5] . The purpose of PROMIS was to improve the reliability and validity of PROs and to develop new instruments that could improve outcome measures for various chronic diseases [6] . PROMIS identified important PRO domains and developed item banks for the following: physical functioning, fatigue, pain, emotional distress, social role participation, sleep disturbance, and wake disturbance [5, 7] .
There are many existing standardized questionnaires to assess these PRO domains, but many are lengthy, and their results are often missing data because patients may not want to complete or feel up to completing all of the questionnaire items. Computer-adaptive tests (CATs) adapt to the respondent by sequentially choosing only the most informative items for an individual depending on his or her earlier responses. With CATs, scores can be obtained by administering fewer items [8] , and testing can be tailored to each patient. Furthermore, lengthy standardized questionnaires often include items that cover the entire continuum of the PRO domain in question, whereas CATs use an algorithm to reduce the number of items necessary to determine the subject's level on the PRO continuum [8, 9] . Traditionally, CATs have not been widely used in medical research, but with the advent of the PROMIS initiative, CAT usage started becoming more prevalent [10] [11] [12] .
The CATs tools need to be validated across a range of cancer populations to determine whether they will be useful in clinical research and whether they reduce respondent burden. The purpose of this study was to compare the PROMIS CATs with the validated, 53-item Brief Symptom Inventory (BSI) [13, 14] in a sample of non-metastatic prostate cancer patients. Another purpose of this study was to assess the PROMIS CATs' performance when using cutoff points for psychological distress.
Methods
We conducted a secondary analysis using data that were collected during the screening of prostate cancer patients recruited to a psychosocial intervention study. Briefly, that study was a two-condition randomized pilot test to determine whether distressed patients benefited more from a psychosocial group intervention if it was heterogeneous (i.e., composed of distressed and non-distressed members) or if it was homogeneous (i.e., distressed members only) [15] . Eligible participants were given a screening assessment that included the BSI and the PROMIS CATs that assessed depression, anxiety, and anger.
The BSI yields both continuous raw score values and adjusted area T scores with a mean of 50 and a SD of 10 for each of nine symptom subscales with higher scores indicating higher distress. We used the adult non-patient norms for males and females for these analyses. ''Caseness'' on the BSI is defined by a T score of C63 on two of its nine subscales or on its Global Severity Index [16] . Since there are no established cutoff points indicating caseness for the individual subscales, we used a T score of C63 as our cutoff point for each subscale. Using a reference population of the US general population, PROMIS CAT scales produce continuous T scores with a mean of 50 and a SD of 10, higher scores indicating higher distress [17] . The BSI has six items in the anxiety subscale, five items in the hostility subscale, and six items in the depression subscale giving a total of 17 items for those three domains. The PROMIS CATs varied in the number of items based on the answers the respondent gave.
To compare the PROMIS CAT depression, anxiety, and anger scales with the BSI depression, anxiety, and hostility subscales, the following analyses were conducted. Bivariate correlations were performed between each BSI subscale and the respective PROMIS CAT scale. Receiver operating characteristic curve (ROC) analysis was performed on the PROMIS CAT depression, anxiety, and anger scales using the BSI cutoff points as the binary classifier.
Results
Our analyses included 136 prostate cancer patients who were 65 % white and were a mean age of 64.5 years (Table 1) ; all had non-metastatic cancer. The mean T scores ± standard deviation (SD) for the BSI scales were 52.3 ± 10.6 for depression, 50.7 ± 11.2 for anxiety, and 50.2 ± 10.1 for hostility, indicating that this population had levels of depression, anxiety, and hostility that were in line with the referent population from the BSI. The mean scores for the PROMIS CAT measures were 45.9 ± 8.9 for depression, 48.6 ± 8.2 for anxiety, and 47.2 ± 8.2 for anger, indicating that these subjects had slightly lower levels of these three domains than the general population on which the T scores were based. The average numbers of items administered by the PROMIS CATs were 9.5 ± 6.5 Table 2) . A cutoff point of 53.1 on the PROMIS CAT depression scale yielded a specificity of .95 and a sensitivity of .81 (Table 3 ). Using our BSI cutoff point for anxiety, the area under the curve for the PROMIS CAT anxiety scale was .975 (SE = .012, p \ .001) ( Table 2) with a specificity of .96 and sensitivity of .84 at a cutoff point of 56.1 on the PROMIS CAT anxiety scale (Table 3) . When the PROMIS CAT anger scale was given a cutoff of 54.5 (Table 3) , the area under the curve was .952 (SE = .027, p \ .001) with our BSI hostility cutoff point (Table 2 and Fig. 1) . Table 3 shows a few other potential cutoff points for the PROMIS scales and their corresponding sensitivity and specificity values based on the results from the ROC analyses.
Discussion
The correlations between the PROMIS CAT and BSI depression, anxiety, and anger/hostility scales were high, and the ROC results demonstrated a large area under the curve using our BSI cutoff points. This finding is consistent with earlier research that found high correlations between PROMIS tools and other legacy instruments when comparing similar domains [17, 18] . One of the hypothesized benefits of CATs is that they reduce respondent burden [6] . In our study, the participants answered 24 items on average to complete the PROMIS CATs for depression, anxiety, and anger combined. The BSI is a 53-item instrument, with 17 total items for depression, anxiety, and hostility. Hence, the PROMIS CAT scales resulted in a slightly higher respondent burden than the corresponding BSI subscales did. However, another potential benefit of CATs is the possibility of increased precision. CATs select questions for the purpose of maximizing precision and theoretically have higher precision than static fixed instruments [19] . The PROMIS CATs are derived from large item banks and therefore may be more precise than the 5 or 6 items used for the different dimensions on the BSI.
This study adds to the previous research by comparing the PROMIS CAT tools with validated PRO instruments. Other studies have used PROMIS CATs in cancer populations [20] , and PROMIS CATs have been successfully validated in other disease-specific populations [21] [22] [23] . Like these studies, our study demonstrated a strong correlation between the PROMIS CATs and validated legacy instruments, strengthening the argument that PROMIS CATs are a viable alternative to traditional PRO measures.
Cutoff scores could be important for clinical and research purposes; thus, we explored potential cutoff points for depression, anxiety, and anger using the PROMIS CAT scales. Using a BSI cutoff point of a T score of C63, the PROMIS CAT cut-off points scores of 53.1, 56.1, and 54.5 for the depression, anxiety, and anger scales, respectively, yielded high specificity and sensitivity. However, the PROMIS scales were not developed as a diagnostic tool to determine caseness in a clinical setting, so at this point, these results are purely exploratory.
Our findings need to be interpreted with caution. The sample was relatively small and included only patients with prostate cancer. In addition, these cancer patients were, on average, older than the general population. Furthermore, the BSI cutoff points used in this study may not be the best ''gold standard'' to test the function of the PROMIS CATs, especially when comparing the PROMIS CAT anger scale with the BSI hostility scale, because these two domains may not map to each other as well as the PROMIS and BSI depression scales or the PROMIS and BSI anxiety scales, as indicated by their correlation.
Finally, an issue that researchers have with using CATs is the fact that participants are given different items to arrive at a final score; also, the same participant could answer different items over time in a longitudinal study.
Hence, future research should also focus on comparing PROMIS CATs with other validated tools over time and in trial settings. CATs are derived using item response theory (IRT), and one of the advantages of this approach is greater precision with fewer items administered [19] . So, despite the weaknesses we have pointed out, the potential for greater precision with lower response burden makes it important to test the PROMIS CATs in various populations. CATs are widely used in many fields and have the potential to benefit medical researchers.
